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ABSTRACT
Background Few studies have examined the impact of tobacco tax and price policies in China. In addition, very little is known about the differential responses to tax and price increases based on socioeconomic status in China.
Objective To estimate the conditional cigarette consumption price elasticity among adult urban smokers in China and to examine the differential responses to cigarette price increases among groups with different income and/or educational levels. Methods Multivariate analyses employing the general estimating equations method were conducted using the first three waves of the International Tobacco Control (ITC) China Survey. Analyses based on subsample by education and income were conducted. Findings Conditional cigarette demand price elasticity ranges from −0.12 to −0.14. No differential responses to cigarette price increase were found across education levels. The price elasticity estimates do not differ between high-income smokers and medium-income smokers. Cigarette consumption among low-income smokers did not decrease after a price increase, at least among those who continued to smoke. Conclusions Relative to other low-income and middleincome countries, cigarette consumption among Chinese adult smokers is not very sensitive to changes in cigarette prices. The total impact of cigarette price increase would be larger if its impact on smoking initiation and cessation, as well as the price-reducing behaviours such as brand switching and trading down, were taken into account.
BACKGROUND
Tobacco-caused diseases and mortality impose tremendous health and economic costs on China, the world's largest producer and consumer of tobacco. [1] [2] [3] [4] [5] With more than 300 million smokers, China manufactures and consumes one-third (approximately 2.5 trillion cigarettes) of the world's annual cigarette production. 6 The number of deaths attributed to tobacco use in China has now reached 1.2 million annually, and is projected to rise to 2 million by the year 2025. 2 3 Meanwhile, the economic cost of smoking has increased from $17.1 billion in 2003 to $28.9 billion in 2008 in China. 4 5 Several decades of research has established that significantly increasing tobacco product excise taxes and prices is one of the most effective ways to reduce tobacco use, and tobacco-caused health and economic burdens. 7 8 In addition, studies have also found that smokers of different socioeconomic status (SES) tend to have differential responses to cigarette tax and price increases. 8 This differential responsiveness to price change based on SES can also serve as an important avenue to reduce tobacco use, particularly among those who are most sensitive to cigarette price increases.
Unfortunately, with the exception of the 2009 tobacco tax adjustment, China has not increased its tobacco tax since it signed onto the WHO Framework Convention on Tobacco Control in 2003. Cigarette taxes in China today account for slightly over 40% of retail prices, far below the world median level of 65-70%. 9 One of the factors that might contribute to this inaction is the lack of certainty among policymakers in projecting the impact of cigarette tax increase on cigarette consumption, smoking prevalence, government tax revenue and tobacco-related employment, which is, in part, due to the paucity of China-specific studies that examine the effectiveness of tobacco tax/price and differential responses among smokers in China. To date, there have only been a handful of studies that examined the impact of tobacco tax/price policies in China. [9] [10] [11] [12] [13] [14] [15] [16] [17] Moreover, very little is known about the differential responsiveness to tax and price increases based on SES in China. We are only aware of two studies that looked at price elasticity estimates by income levels. Mao et al 17 used a national tobacco consumption survey and found higher price elasticity is associated with the low-income group. Mao et al 16 estimated the overall price elasticity of cigarettes (−0.5), at various income levels (at poverty level, −1.9; low-income, −0.8; high-income, −0.5), using individual level data from 16 counties in China in 1998.
Building on these seminal studies, this paper aims to estimate the price elasticity for cigarette consumption among adult smokers in China using individual level longitudinal survey data. It will also examine the differential responses to cigarette price increases among groups with different income and/ or educational levels. This paper contributes to the literature as follows: unlike previous studies relying on aggregated sales data or cross-sectional microlevel data, we use individual level multiwave longitudinal data to examine the impact of cigarette prices on cigarette consumption in China, which allow us to look at how the same individuals alter their cigarette consumption as cigarette prices change over time. Additionally, this paper pushes the envelope on what is known about the effect of cigarette price in China by examining the differential responsiveness to cigarette price increases based on income and educational levels.
METHODS Data
The analyses in this paper rely on the International Tobacco Control (ITC) Policy Evaluation Project-China Surveys (the ITC China Survey). The ITC China Project, established in 2006, is a longitudinal cohort survey conducted in seven cities in China (Beijing, Changsha, Guangzhou, Kunming, Shanghai, Shenyang and Yinchuan). These seven cities differ in their population sizes, areas and levels of economic development. They are located in different geographic regions in China, and are good representatives of China's urban areas. Approximately 800 adult (aged 18 and above) smokers are recruited by probability sampling methods in each city. Respondents lost to attrition are replaced with comparable respondents so as to maintain city level representative samples. The retention rate of the ITC China survey was high, more than 80%. More detailed information on the ITC China survey sampling methodology can be found in Wu et al. 
Measures

Dependent variable
The dependent variable in our study is cigarette consumption, which measures the average number of cigarettes consumed per day (CPD) by a smoker. This variable is derived from the ITC China survey questions that asked about the number of cigarettes smoked per day for daily smokers, and the number of cigarettes smoked per week for non-daily smokers. For nondaily smokers, the number of cigarettes smoked per week was converted into the average number of cigarettes CPD. Because the distribution of CPD was skewed, this measure was log transformed in the analyses.
Explanatory variables
The key explanatory variable in this study is the price of a pack of cigarettes. The ITC China Survey asked smokers about their most recent cigarette purchase experience; in particular, how many cartons/packs of cigarettes they purchased and how much they paid in total. Based on the responses to those questions, we first constructed a measure of the selfreported price for a pack of cigarettes, derived from the total amount of money paid and the total number of packs bought in the most recent cigarette purchase. While the self-reported cigarette price is useful in understanding smokers' purchase behaviour, it can reflect endogenous choices of cigarette brands, quality and/or purchase methods. In other words, individuals exercise some choice over the price they pay for cigarettes, rather than the price they pay being determined exogenously. For example, ceteris paribus, heavy smokers may be more likely to smoke cheaper brands of cigarettes, purchase cigarettes in greater quantities, look for lower priced retailers and/or take advantage of price promotions, than individuals who smoke fewer cigarettes. As a result, the selfreported price can be correlated with unobserved differences in preferences and may be endogenous. Consequently, treating an individual's self-reported price as an exogenous variable when examining his or her cigarette consumption will lead to an over (and biased) estimate of the impact of price on reported cigarette consumption. To address this issue, we constructed an aggregated price measure at the city district level, which averaged the self-reported price of a pack of cigarettes among all smokers living in the same district in a city in a given survey wave. This price measure was subsequently adjusted for inflation using 2010 as the base year.
In addition to the cigarette price variable, we also included a number of key demographic and socioeconomic individual (or household) level characteristics such as age, gender, education, family income, marital status and employment status, as well as interview waves/years and city. Specifically, age was grouped into 18-24, 25-39, 40-54 and 55 years or older. Marital status was classified as: married; divorced, separated or widowed; and single. Education level was classified into three categories: less than high school, high school and postsecondary education. Monthly household income was classified into three categories based on the cut-offs for urban areas, from the 2010 China Statistics Yearbook: low-income level (<¥1000), medium income level (¥1000-2999) and high income level (≥¥3000). Employment status was grouped into employed, unemployed and retired.
STATISTICAL METHODOLOGY
To estimate the cigarette demand function conditional on being a smoker, we estimated the following models:
Ln(Q ijt ) is the average number of cigarettes CPD by the i th individual in the j th city in interview wave/year t, in log form. Ln(P djt ) is inflation adjusted average price of a pack of cigarettes in the d th district in the j th city in interview wave/year t, also in log. ED ijt and INC ijt represent, respectively, the education and income level for the i th individual in the j th city in interview wave/year t. X ijt is a vector of individual demographic and socioeconomic characteristics such as age, gender, marital status and employment status. s it is city indicator for i th individual in interview wave/year t. y ij is interview wave/ year indicator for i th individual in the j th city. And e ijt is the idiosyncratic error term. Because the ITC China Survey data are longitudinal in nature, errors are correlated within observations across waves for the same individual. As a result, the equation (1) was estimated using the general estimating equations (GEE) method (STATA V.12 xtgee command), which took into account the correlation in error terms among the same respondent across different interview waves. Because of the nature of the cigarette consumption variable, which is continuous, equation (1) was estimated using GEE model with an identify link, with no preimposed assumption on the structure of the covariance matrix of the error terms. Equation (1) was first estimated using the whole ITC China Survey sample (results shown in table 2), it was then estimated using the subsamples by income level (table 3) and education level (table 4) to examine the potential differential responses to cigarette price changes by SES.
To test whether there were any differential price responses by SES, we estimated the following models:
Ln(P djt )×ED ijt is the interaction term between cigarette price and education levels. Ln(P djt )×INC ijt is the interaction term between cigarette price and income levels. The estimated coefficient α 3 and γ 3 in equation (2) and (3) will reveal whether any differential price responses by income and education levels exist. Results from equation (2) and (3) are presented in table 2 (model 4-7). Table 1 contains the descriptive statistics for the key variables used in this study. The calibration of the sample means used standard complex survey post-stratification techniques for variance estimation, which took into account the complex survey/ sampling strategies of the ITC China Surveys. In addition, those statistics were properly weighted using the sampling weights, described fully in the weighting methodology available at http:// www.itcproject.org. Our smoker sample was evenly distributed across interview waves and cities, with the exception of the city of Kunming, which was added in the third wave. The urban smokers in our sample were predominantly male (95%). The age distribution in our sample was skewed towards adults at prime and mature ages, with 18% of the smokers aged between 25 and 39, 46% aged 40-54, 34% aged 55 years and above, and with only about 2% being young adults (aged 18-24 years). Eighty-eight per cent of smokers were married at the time of the survey. Forty-three per cent of the smokers reported to have an average family income per month between ¥1000-2999. Fifteen per cent of smokers' family income was below ¥1000 per month and about 36% had income of more than ¥3000 per month; the remaining 6% of smokers' family income information was missing. Thirteen per cent of smokers reported having less than a high school education, 65% reported having completed high school, and about 21% of smokers reported having some schooling beyond high school, which included 2 years of college. The average number of cigarettes smoked per day among the ITC China Survey respondents was 17, with some respondents reporting smoking as many as five packs of cigarettes (or 100 cigarettes) per day. The inflation adjusted city district level average price for a pack of cigarettes was ¥6.5, or approximately 1 US dollar per pack. 7) . Regardless of the model specifications, the overall conditional cigarette consumption price elasticity was consistently shown to be in a narrow range of −0.12 to −0.14, implying that a 10% increase in cigarette price would result in a reduction in cigarette consumption among adult urban Chinese smokers by 1.2-1.4%. In the models with interaction terms between cigarette price and income/education, none of the estimated coefficients for the interaction terms were statistically significant, with the exception of the coefficient for the interaction term between cigarette price and low income, which was marginally significant. These results imply that the conditional cigarette consumption price elasticities do not differ across education levels among adult urban Chinese smokers. In other words, while smokers do respond to a cigarette price increase by reducing the number of cigarettes smoked per day, those with low-level or medium-level education do not reduce their cigarette consumption more than those with high level of education, everything else being constant. These results also imply that, at least in our sample, smokers with medium-level income respond similarly to a cigarette price increase as those with high-level income. However, those with low-income level do not reduce the number of cigarettes smoked per day by as much as those smokers with medium-and high-level income, as shown by the positive coefficient on the price and low income interaction term. Table 2 also reveals several additional interesting findings: female smokers smoke fewer cigarettes (approximately 36% less) per day than male smokers. An age gradient in cigarette consumption exists among adult urban Chinese smokers: the numbers of cigarettes CPD were highest among those aged 40 years and above, lower among those aged 25-39 years (9% fewer CPD than those among aged 40+ years) and lowest among young adults aged 18-24 years (33% fewer CPD than those among aged 40+ years). Additionally, while smokers with low levels of income smoke fewer cigarettes per day (8% fewer) than their high-income counterparts (model 1), smokers with low-and medium-level education smoke more (13% and 11% more CPD, respectively) cigarettes per day than smokers with postsecondary education, everything else being the same. Moreover, smokers who were unemployed at the time of the survey reported smoking more (6%) cigarettes per day than those who were employed, while smokers who were retired reported smoking fewer (11%) cigarettes per day. Table 3 presents the GEE estimates from the subsample analyses by income levels based on equation (1) . While the estimated price elasticities for high-income and medium-income smokers were similar in magnitude (in a narrow range of −0.14 to −0.15) and statistically significant, the estimated price elasticity for low-income smokers did not statistically differ from 0, meaning that low-income smokers do not significantly reduce their cigarette consumption when cigarette price increases, at least among those who continue to smoke. This result mirrors the results from table 2 (model 4 and 5). Similarly, many of the results from the subsample analyses related to the association between the demographic and SES factors, and cigarette consumption, mirror those based on the entire sample: fewer CPD among female smokers, an age gradient in CPD, and higher consumption among smokers with low-level and medium-level education, although not all these results were statistically significant in all subsamples.
RESULTS
Descriptive statistics
Multivariate analyses results
The results from the analyses based on education subsamples were presented in table 4. Across all three education levels, the estimated conditional cigarette consumption price elasticities were statistically significant. The magnitude of the estimated price elasticity range from −0.11 to −0.14, with the 95% CIs overlapping across three education levels, consistent with the results from model 6 and 7 in table 2. Regardless of the education level, female smokers consume fewer cigarettes per day than their male counterparts. Compared to other age groups, young adults smoke fewer cigarettes per day regardless of education levels.
CONCLUSION AND DISCUSSION
Our analysis of the ITC China Survey data reveals that the overall conditional cigarette demand price elasticity ranges from −0.12 to −0.14, implying a 10% increase in cigarette price would result in a reduction in cigarette consumption among adult urban Chinese smokers by 1.2-1.4%. Relative to many other low-income and middle-income countries, our results suggest that cigarette consumption among Chinese adult smokers is not very sensitive to changes in cigarette prices. Compared to the estimates of the price elasticity of demand for cigarettes in China from previous studies, which range from 0 to −0.8, 9-17 our estimates are at the lower end (in absolute value), and are similar to the results from two recent studies using national representative individual level cross-sectional data. 13 15 However, please note that our study only considered the impact of a cigarette price increase on those who continued to smoke. It left out the impact of a cigarette price increase on deterring youth smoking initiation and promoting quitting among smokers. Studies have shown that the impact of a cigarette price increase on smoking initiation and cessation could be just as large as the impact on cigarette consumption among smokers, if not larger. 8 As such, the total impact of cigarette price increases in China could be at least twice as large as what our estimates suggest. Additionally, several recent studies show that large cigarette price spreads across brands in China were associated with brand switching behaviour, and that increasing cigarette price may also lead to trading down among smokers for low quality and high-tar cigarettes. 11 19-21 Our estimates did not take into account the impact of brand switching and trading down, absence of such behaviours, our estimates would become larger.
Our results also revealed several important and interesting patterns related to the potential differential price impact by SES among Chinese smokers. We found that smokers with no high school qualification and with only a high school qualification smoke more cigarettes per day than those with postsecondary education. However, the estimated price elasticity of demand does not differ across education levels. In other words, when cigarette price increases, smokers across all education levels reduce their cigarette consumption equally. Additionally, we found that smokers with low-income and medium-income, smoke fewer cigarettes than their high-income counterparts. When cigarette price increases, high-income and medium-income smokers reduce their cigarette consumption. However, low-income smokers, at least among those who continue to smoke, did not seem to reduce their cigarette consumption after the price increase. Our finding that low-income smokers' cigarette consumption was less sensitive to price changes differs from the results from two previous studies, which found the opposite. 16 17 There are at least two reasons that might explain this difference. First, our study did not look at the impact of price increase on smoking cessation. If lowincome smokers respond to a price increase primarily through quitting rather than cutting down cigarette consumption, by only looking at those who continue to smoke after the price increase, our analyses left out those who quit smoking and hence underestimated the true impact of a price increase on low-income smokers. Second, two recent studies have shown that low-income Chinese smokers are more likely to engage in behaviours that reduce the price paid for purchasing cigarettes, such as switching to a cheaper brand. 19 21 Brand switching can enable low-income smokers to maintain the same level of consumption, even when the average cigarette price increases. Because our analyses did not take into account the impact of such behaviour, our estimates likely underestimate the impact of cigarette price for low-income smokers. Consequently, the evidence presented in our study is, unfortunately, not sufficient to draw a clear conclusion on the regressivity of tobacco taxes in China. While we have shown that the conditional price elasticity on cigarette consumption is smaller among low-income smokers, the overall price elasticity of demand for cigarettes could be larger for low-income smokers than for high-income and middle-income smokers in China, if the price impact on initiation and cessation were taken into account and/or if the opportunities for cost-minimising behaviours were reduced.
In addition to the limitations discussed in the previous paragraphs, the representativeness and generalisation of our findings is also limited by the fact that our smoker sample covers only seven cities in China, and is older than the general adult smoker population in China.
Despite these limitations, our analyses provided evidence that cigarette consumption among Chinese adult urban smokers is sensitive to changes in cigarette prices. Smokers smoke fewer cigarettes after price increases, and the reduction in cigarette consumption was similar across all education levels. More research, however, is needed to examine the impact of cigarette price increase on smoking initiation among youth and long-term successful cessation among smokers in China. The results from our study also have important policy implications: first, to the extent that the availability of a wide range of low-cost cigarette brands, and the existence of brand switching and trading down behaviours, may play a role in moderating the impact of a price increase, particularly among low-income smokers, the results from our study suggest that a tobacco tax and price policy with a heavy specific tax component could have more beneficial impact in China, as an increase in a specific tax would raise the price of cheaper brands relative to premium brands to a greater extent than would an ad valorem tax. In addition, minimum price laws that prevent cigarette retail prices from falling below a threshold price regardless of brand could also be an effective policy tool to reduce cigarette consumption in China by discouraging brand switching and trading down.
What the paper adds
▸ This is the first study to use individual level multiwave longitudinal data to examine the impact of cigarette prices on cigarette consumption in China, and to look at whether there are potential differential responses to cigarette price increases based on socioeconomic status. ▸ We estimated that the conditional cigarette demand price elasticity ranges from −0.12 to −0.14 among adult urban Chinese smokers. Taking into account the price impact on smoking initiation and cessation, and price-reducing behaviour, could increase the magnitude of cigarette price elasticity.
